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[bookmark: _Hlk162808746]ABSTRACT

The definition of elderly is arbitrary. In this chapter we will define elderly as greater than 75 years of age because both the US and European lipids guidelines use this age to differentiate therapy recommendations. Atherosclerotic cardiovascular disease (ASCVD) is a major cause of morbidity and mortality in the elderly. Age is a key risk factor for ASCVD and with identical risk factors the 10-year risk of an ASCVD event markedly increases with age. In fact, an older individual with excellent risk factors can still have a high risk for having an ASCVD event. ASCVD begins early in life and progresses until it leads to clinical events later in life. The age that one develops clinical manifestations of ASCVD is dependent on the severity of individual risk factors, the number of risk factors, and the duration of exposure to the risk factors. Elderly individuals have a long exposure to risk factors so even when the risk factors are relatively modest the cumulative effects can be sufficient to result in clinical ASCVD events. This explains why age is such a key variable in determining the risk of developing an ASCVD event. Cardiovascular outcome studies have demonstrated that lowering LDL-C levels with statins, ezetimibe, or PCSK 9 monoclonal antibodies will reduce ASCVD events in elderly patients with pre-existing cardiovascular disease (secondary prevention). In elderly patients without cardiovascular disease (primary prevention) the available data does not definitively demonstrate a decrease in ASCVD events with statin or ezetimibe therapy but is suggestive of a benefit (note there are no primary prevention trials with PCSK9 inhibitors). Additional data is required to determine if bempedoic acid and icosapent ethyl reduce ASCVD events in patients ≥ 75 years of age. Studies are currently underway to provide definitive information on whether statin therapy is beneficial as primary prevention in the elderly. In deciding whether to treat an elderly patient with lipid lowering drugs one needs to consider the following factors; the higher the LDL-C level the greater the benefit of lowering LDL-C, the greater the decrease in LDL-C the greater the benefit, the higher the absolute risk of ASCVD the greater the benefit of lowering LDL-C, life expectancy, competing non-cardiovascular disorders, risk of drug side effects, potential for drug interactions, and patient preferences. In elderly patients without pre-existing ASCVD one should estimate the patient’s risk of developing ASCVD events and in conjunction with the general principles described above discuss with the patient a treatment plan. Determining the coronary calcium score can be helpful if there is uncertainty regarding the appropriate decision. If the decision is to treat our goal in primary prevention patients is often an LDL-C < 100mg/dL but in high-risk patients our goal may be an LDL-C < 70mg/dL. Elderly patients with ASCVD should be treated with lipid lowering drugs to reduce ASCVD unless there are contraindications. At a minimum our goal is an LDL-C < 70mg/dL but we would prefer an LDL-C < 55mg/dL if they can be achieved with a statin + ezetimibe. In very high-risk patients our goal is an LDL-C < 55mg/dL and adding a PCSK9 inhibitor may be required to achieve these levels in some patients. Age per se should not be used to withhold therapy with lipid lowering drugs that can reduce the risk of ASCVD events. 

[bookmark: _Hlk162808860]INTRODUCTION

Due to a decreasing birth rate and a longer life expectancy the population is getting older. According to the US census in 2020 there were approximately 50 million people between 65 and 84 years of age (14.9% of the total population) and approximately 6 million between 85 and 99 years of age (1.89% of the total population). The number of Americans ages 65 and older is projected to increase to 82 million by 2050 (23% of the total population). World-wide there are 703 million people aged 65 or older, which is projected to reach 1.5 billion by 2050 (1 in 6 people). It is well recognized that atherosclerotic cardiovascular disease (ASCVD) increases with age and is a major cause of morbidity and mortality in the elderly. In addition to an increased risk of coronary artery disease there is more than a doubling of the prevalence of peripheral arterial disease, cerebrovascular disease, and abdominal aortic aneurism with each decade of life (1). Unfortunately, the elderly (≥ 75 years of age) have not been well represented in lipid lowering cardiovascular outcome trials.

[bookmark: _Hlk160108975]The definition of elderly is arbitrary. In this chapter we will define elderly as greater than 75 years of age because both the US and European guidelines use this age to differentiate therapy recommendations. In both the “Guideline on the Management of Blood Cholesterol: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines” and the “2019 ESC/EAS Guidelines for the Management of Dyslipidemias: Lipid Modification to Reduce Cardiovascular Risk” the recommendations for those over 75 years of age differ from recommendations for younger individuals (2,3). Thus, where possible we will focus on studies in individuals greater than 75 years of age.

LIPID LEVELS IN THE ELDERLY

Lipid levels in US adults from the National Health and Nutrition Examination Survey (NHANES) 2003-2004 are shown in Table 1 (4). Compared to 30–69-year-olds there is a slight decrease in LDL-C, non-HDL-C, and triglycerides with similar HDL-C levels in individuals 70-79 years of age. Other cross-sectional studies have reported similar results (5-11). Prospective studies with longitudinal follow-up have also observed small decreases in total cholesterol, LDL-C, and HDL-C levels in men and women as they become elderly (6,7,9,12-14). It should be noted that the changes in lipid levels reported with aging are relatively small and vary somewhat from study to study. The clinical significance of these small changes is uncertain. 

	Table 1. Lipid Levels in U.S. Adults (NHANES 2003-2004)

	Age
	LDL-C (mg/dL)
	Non-HDL-C (mg/dL)
	HDL-C (mg/dL)
	Triglycerides (mg/dL)

	20-29
	104
	126
	54
	105

	30-39
	120
	146
	54
	118

	40-49
	124
	152
	53
	144

	50-59
	123
	154
	55
	141

	60-69
	126
	157
	54
	145

	70-79
	119
	148
	56
	133



Studies have demonstrated that older individuals have an exaggerated postprandial lipemia compared with younger individuals (15,16). While elevated postprandial triglycerides is associated with an increased risk of ASCVD whether this plays a causal role in increasing ASCVD is uncertain.

It is well recognized that with increasing age the likelihood of other medical disorders increases and this can affect lipid levels. For example, inflammation and infections can decrease LDL-C and HDL-C levels (17). Additionally, poor nutrition due to illness or social-economic factors could decrease lipid levels in the elderly. Finally, frailty is a syndrome associated with aging and increases with age. It is usually associated with a lowering of total, LDL-C, and non-HDL cholesterol levels (18-20).

AGE IS AN IMPORTANT RISK FOR ATHEROSCLEROTIC CARDIOVASCULAR DISEASE

[bookmark: _Hlk160109092][bookmark: _Hlk158734833]The clearest way to illustrate the importance of age as a key risk factor for atherosclerotic cardiovascular disease (ASCVD) is to compare the 10-year risk at different ages using an updated version of the AHA/ACC pooled cohort equation. Shown in table 2 are four examples of the effect of age on 10-year risk in different clinical situations that demonstrate the marked effect of age on ASCVD risk. Similarly, using the SCORE risk calculator for determining the 10-year risk of fatal cardiovascular disease also demonstrates the very large impact of age on risk (figure 1). It is obvious that age is a major determinant of ASCVD risk.

	Table 2. Ten Year Risk of Developing ASCVD

	
	Age 55
	Age 65
	Age 75

	Male, white, BP 130, TC 200, HDL-C 45, non-smoker, no diabetes
	6.3%
	13.9%
	26.2%

	Female, African American, BP120, TC 180, HDL-C 50, non-smoker, no diabetes
	2.8%
	6.3%
	13.2%

	Male, African American, BP140, TC 200, HDL-C 50, smoker, no diabetes
	10.1%
	14.9%
	20.5%

	Female, white, BP 140, TC 180, HDL-C 50, non-smoker, diabetes
	4.4%
	12.2%
	32.9%


https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/.
BP= systolic BP mm Hg, TC= total cholesterol mg/dL.

[image: ]
Figure 1. Systematic Coronary Risk Estimation chart for European populations at high cardiovascular disease risk (from 2019 ESC/EAS Guidelines for the management
of dyslipidaemias (3)).

[bookmark: _Hlk160109294]In fact, an older individual with excellent risk factors can have a high risk for having an ASCVD event. For example, using the AHA/ACC pooled cohort equation a 75-year-old white male with a total cholesterol of 180mg/dL, an HDL-C of 50mg/dL, a blood pressure of 120/80 mmHg, who is not diabetic, doesn’t smoke, and is on no medications still has a 10-year risk for an ASCVD event of 21.7%. A 75-year-old white female with the same risk factors also has a relatively high 10-year risk (14.1%). Using the SCORE estimator (figure 1) for a fatal CVD event it is also apparent that many older individuals, particularly males, are at high risk even when they are non-smokers with an excellent total cholesterol and blood pressure. For example, a 70-year-old male, non-smoker with a total cholesterol of 160mg/dL and systolic BP of 120 mmHg still has a 13% 10-year risk of death from CVD.

WHY ARE OLDER INDIVIDUALS AT HIGHER RISK FOR ASCVD?

[bookmark: _Hlk158756228]It is widely recognized that atherosclerosis begins early in life and slowly progresses ultimately resulting in clinical manifestations later in life (21). Numerous studies have demonstrated the presence of atherosclerosis in young individuals (22-27). In the Bogalusa Heart Study autopsies were performed on 204 young people 2 to 39 years of age (22,28). In the coronary arteries fatty streaks were very common (50 percent at 2 to 15 years of age and 85 percent at 21 to 39 years of age). More advanced raised fibrous-plaque lesions in the coronary arteries were present in 8 percent of individuals 2 to 15 years of age and 69 percent of individuals 26 to 39 years of age. The extent of the atherosclerotic lesions correlated positively with BMI, systolic and diastolic BP, total cholesterol, LDL-C, and triglyceride levels and negatively with HDL-C levels. The extent of the atherosclerotic lesions was greatest in individuals who had multiple risk factors. The Pathobiological Determinants of Atherosclerosis in Youth [PDAY] study examined the effect of risk factors for atherosclerosis in 1079 men and 364 women 15 through 34 years of age who died due to accidents, homicide, or suicide (23,29). Atherosclerosis of the aorta and right coronary artery was measured and increased with age, LDL-C levels, glycohemoglobin levels, BMI, and smoking while HDL-C levels were negatively associated with the extent of fatty streaks and raised lesions in the aorta and right coronary artery. Finally, in a study of US service members (mean age 25.9 years; range 18-59 years; 98.3% male) who died of combat or unintentional injuries (n= 3832) the effect of risk factors on coronary atherosclerosis was determined (27). Atherosclerosis prevalence was increased by age, dyslipidemia, hypertension, and obesity. Taken together these studies clearly demonstrate that atherosclerosis begins early in life with the prevalence increasing with age and the extent and onset of lesions is influenced by risk factors, including dyslipidemia.

Moreover, the presence of risk factors early in life is associated with an increase in atherosclerosis later in life (30-32). A meta-analysis that included 4380 participants from 4 prospective studies that collected cardiovascular risk factor data during childhood (age 3 to 18 years) and measured carotid intima-media thickness (CIMT) in adulthood (age 20 to 45 years) reported that total cholesterol, triglycerides, BP, and BMI measured in childhood were predictive of elevated CIMT in adults (33). Additionally, increased LDL-C and/or decreased HDL-C during adolescence predict an increase in CIMT later in life (34). Importantly, an increased total cholesterol or BP early in life also predicted an increased risk of developing cardiovascular disease later in life (35-38).

Genetic studies have further illustrated the key role of risk factors and duration of exposure to the risk factor as key variables determining the time when clinical manifestations of ASCVD occur. In patients with homozygous familial hypercholesterolemia (FH) LDL-C are markedly elevated and cardiovascular events can occur early in life. Greater than 50% of untreated patients with homozygous FH develop clinically significant ASCVD by the age of 30 and cardiovascular events can occur before age 10 in some patients (39). In patients with heterozygous FH LDL-C levels are elevated but not to the levels seen with homozygous FH and cardiovascular events occur later in life but still at a relatively younger age. Untreated males with heterozygous FH have a 50% risk for a fatal or non-fatal myocardial infarction by 50 years of age whereas untreated females have a 30% chance by age 60 (39). Conversely, individuals with genetic variants in PCSK9, HMG-CoA reductase, LDL receptor, NPC1L1, or ATP citrate lyase that lead to a decrease in LDL-C levels have a reduced risk of developing cardiovascular events (40,41). The relationship between genetic disorders that alter LDL-C levels and the time to develop clinical cardiovascular events is illustrated in figure 2. The figure clearly illustrates that the age when one clinically manifests ASCVD depends on the level of LDL-C. With very high LDL-C levels clinical events occur early in life and with low LDL-C levels events will occur at an older age leading to the concept of LDL years.

[image: ]
Figure 2. Relationship between cumulative LDL-C exposure and age of developing cardiovascular disease. (from (41)).

The degree and duration of other risk factors also seems to play a role in when the clinical manifestations of ASCVD are expressed. For example, for cigarette smoking, cigarettes/day, smoking duration, and pack-years all increase the risk of cardiovascular disease (42). Interestingly smoking fewer cigarettes/day for a longer duration was more deleterious than smoking more cigarettes/day for a shorter duration (42,43). Additionally, while smoking cessation lowers the risk of ASCVD events an increased risk persists for decades after smoking cessation (44). These observations suggest that the effect of smoking is related to the number of cigarettes smoked and the duration of the smoking (i.e., pack years). Similarly, in patients with diabetes glycemic control and duration of diabetes influences the development of ASCVD complications (45-48). At any given age, a 10-year longer diabetes duration was associated with a 1.1-1.5-fold increased risk of stroke and 1.5-2.0-fold increased risk of MI (45).
  
[bookmark: _Hlk160109384]Thus, ASCVD begins early in life and progresses until it leads to clinical events such as a myocardial infarction or stroke later in life. The age that one develops clinical manifestations of ASCVD is dependent on the severity of individual risk factors, the number of risk factors, and the duration of exposure to the risk factors. Elderly individuals have a long exposure to risk factors so even when the risk factors are relatively modest the cumulative effects can be sufficient to result in clinical ASCVD events. This explains why age is such a key variable in determining the risk of developing an ASCVD event. 

DOES LIPID LOWERING REDUCE EVENTS IN THE ELDERLY

[bookmark: _Hlk162808942]Below we discuss lipid lowering drug studies that report the effect on cardiovascular outcomes that are relevant to clinical decisions in elderly individuals. For additional and more detailed information on lipid lowering cardiovascular outcome studies see the Endotext chapters on “Cholesterol Lowering Drugs” and “Triglyceride Lowering Drugs” (49,50). 

Statins

Few statin studies have focused on lowering LDL-C in elderly patients, which we define as individuals greater than 75 years of age. The Prosper Trial determined the effect of pravastatin 40mg/day (n= 2891) vs. placebo (n= 2913) on cardiovascular events in older subjects (70-82 years of age) with pre-existing vascular disease or who were at high risk for vascular disease (51). The average age in this trial was 75 years of age and approximately 45% had cardiovascular disease. As expected, pravastatin treatment lowered LDL-C by 34% compared to the placebo group. The primary end point was coronary death, non-fatal myocardial infarction, and fatal or non-fatal stroke, which was reduced by 15% (HR 0.85, 95% CI 0.74-0.97, p=0.014). However, in the individuals without pre-existing cardiovascular disease pravastatin did not significantly reduce ASCVD events (HR 0.94; CI 0.77–1.15). In contrast, in individuals with cardiovascular disease pravastatin therapy significantly reduced ASCVD events (HR 0.78, CI 0.66–0.93). Thus, this study demonstrated benefits of statin therapy in the elderly with cardiovascular disease but failed to demonstrate benefit in the elderly without cardiovascular disease. 

A meta-analysis by the Cholesterol Treatment Trialists of 28 trials with 14,483 of 186,854 found a reduction in LDL-C levels with statin therapy that was similar in the participants ≥75 years of age compared to younger individuals. Moreover, statin therapy resulted in a decrease in cardiovascular events in all age groups including participants ≥75 years of age (Figure 3) (52). In the participants ≥75 there was a 13% reduction in ASCVD events per 39mg/dL decrease in LDL-C (RR 0.87; 95% CI 0.77–0.99). This analysis included four trials done exclusively among people with heart failure or receiving renal dialysis, for whom statin therapy shows little or no benefit (50). A second analysis was performed after elimination of these four trials and there was an 18% reduction in ASCVD events per 39mg/dL decrease in LDL-C (RR 0.82; 95%CI 0.70-0.95). Similar to the Prosper Trial a decrease in ASCVD events was clearly demonstrated in individuals with pre-existing cardiovascular disease (secondary prevention) but in individuals without pre-existing cardiovascular disease (primary prevention) the decrease in ASCVD events was not statistically significant (Figure 4- analysis included all studies). After excluding the trials in patients with heart failure or receiving renal dialysis, statin therapy reduced major ASCVD events by 26% per 39mg/dL decrease in LDL-C (RR 0.74; 95% CI0.60 − 0.91) in patients with pre-existing cardiovascular disease but only by 8% in patients without pre-existing cardiovascular disease (RR 0.92; 95%CI 0.72 − 1.16). 

[image: ]    
Figure 3. Effect of Statin Treatment on Major Vascular Events. Modified from (44).

[image: ] 
Figure 4. Effect of Statin Treatment on Major Vascular Events in Individuals With and Without Pre-Existing Cardiovascular Disease. Modified from (44).

A statin trial not included in the Cholesterol Treatment Trialists meta-analysis was carried out in patients with an ischemic stroke or a transient ischemic attack who were treated with statins and/or ezetimibe with a target LDL-C level < than 70mg/dL (n= 1430) or an LDL-C 90mg/dL to 110mg/dL (n= 1430) (53). The primary end point was ischemic stroke, myocardial infarction, new symptoms leading to urgent coronary or carotid revascularization, or death from cardiovascular causes. The mean LDL-C level was 65mg/dL in the lower-target group and 96 mg/dL in the higher-target group. After median of 3.5 years the primary end point occurred in 8.5% of the patients in the lower-target group and 10.9% of the patients in the higher target group (HR 0.78; 95% CI 0.61 to 0.98; P=0.04). In patients < 65 years of age only a 7% decrease in the primary end point was observed (HR 0.93; 95%CI 0.63–1.36) whereas more impressive decreases in the primary endpoint were observed in patients 65-75 years of age (37% decrease; HR 0.63 95% CI 0.42–0.95) and > 75 years of age (23% decrease; HR 0.77; 95%CI 0.49–1.22). These results are consistent with the Cholesterol Treatment Trialists meta-analysis demonstrating that elderly patients with pre-existing cardiovascular disease lowering LDL-C levels reduces ASCVD events.

There are observational studies demonstrating that statin treatment for the primary prevention of ASCVD is effective in older patients (54-59). For example, in US veterans ≥75 years of age and free of ASCVD at baseline, new statin use was significantly associated with a lower risk of ASCVD events (HR 0.92; 95% CI 0.91-0.94) and cardiovascular mortality (HR 0.80; 95% CI 0.78-0.81) when compared to statin nonusers (55). Similarly, in a Danish nationwide cohort initiation of statin therapy in patients > 70 years of age without pre-existing cardiovascular disease there was a 23% lower risk of major vascular events per 39mg/dL decrease in LDL-C (HR 0.77; 95% CI 0.71-0.83), which was similar to what was observed in younger individuals (54). Finally, in nursing home residents without ASCVD statin use reduced all-cause mortality in individuals with and without dementia (59). These observational studies while suggestive of a benefit of statin therapy for primary prevention in older individuals cannot provide definitive proof as there is always the possibility of residual confounding. Nevertheless, they provide additional support that statin therapy provides benefits in elderly patients without pre-existing cardiovascular disease.

Thus, in older patients with cardiovascular disease lowering LDL-C levels with statins clearly reduces cardiovascular events but in older patients without cardiovascular disease the data demonstrating that statins reduce cardiovascular events is less robust but suggests a reduction in ASCVD events.

Ezetimibe

IMPROVE-IT TRIAL

The IMPROVE-IT Trial tested whether the addition of ezetimibe to statin therapy would provide an additional beneficial effect in patients with the acute coronary syndrome (60). The IMPROVE-IT Trial was a large trial with over 18,000 patients randomized to simvastatin 40mg vs. simvastatin 40mg + ezetimibe 10mg per day. On treatment LDL-C levels were 70mg/dL in the statin alone group vs. 54mg/dL in the statin + ezetimibe group. There was a small but significant 6.4% decrease in major cardiovascular events (cardiovascular death, MI, documented unstable angina requiring rehospitalization, coronary revascularization, or stroke) in the statin + ezetimibe group (HR 0.936; 95% CI 0.887-0.988; p=0.016). Cardiovascular death, non-fatal MI, or non-fatal stroke were reduced by 10% (HR 0.90; 95% CI 0.84-0.97; p=0.003). The effect of age on the benefits of statin + ezetimibe therapy is shown in figure 5. In elderly individuals (≥ 75 years of age) the combination of ezetimibe and simvastatin reduced ASCVD events.

[image: ] 
Figure 5. Primary endpoint in the IMPROVE-IT trial in different age groups. Modified from (60). 

EWTOPIA 75 TRIAL

EWTOPIA 75 was a multicenter, randomized trial in Japan that examined the preventive efficacy of ezetimibe for patients aged ≥75 years (mean age 80.6 years), with elevated LDL-C (≥140 mg/dL) without a history of coronary artery disease (primary prevention) who were not taking lipid lowering drugs (61). Patients were randomized to ezetimibe 10mg (n=1,716) or usual care (n=1,695) and followed for 4.1 years. The primary outcome was a composite of sudden cardiac death, myocardial infarction, coronary revascularization, or stroke. In the ezetimibe group LDL-C was decreased by 25.9% and non-HDL-C by 23.1% while in the usual care group LDL-C was decreased by 18.5% and non-HDL-C by 16.5% (p<0.001 for both lipid parameters). By the end of the trial 9.6% of the patients in the usual care group and 2.1% of the ezetimibe group were taking statins. Ezetimibe reduced the incidence of the primary outcome by 34% (HR 0.66; P=0.002). Additionally, composite cardiac events were reduced by 60% (HR 0.60; P=0.039) and coronary revascularization by 62% (HR 0.38; P=0.007) in the ezetimibe group vs. the control group. There was no difference in the incidence of stroke or all-cause mortality between the groups. It should be noted that the reduction in cardiovascular events was much greater than one would expect based on the absolute difference in LDL-C levels (121mg/dL in ezetimibe group vs. 132mg/dL in usual care group). As stated by the authors “Given the open-label nature of the trial, its premature termination, and issues with follow-up, the magnitude of benefit observed should be interpreted with caution.” Nevertheless, this study suggests that lowering LDL-C in elderly individuals without cardiovascular disease can reduce ASCVD events.

RACING TRIAL

The RACING trial was a randomized, open-label trial in patients with ASCVD carried out in South Korea (62). Patients were randomly assigned to either rosuvastatin 10 mg with ezetimibe 10 mg (n= 1894) or rosuvastatin 20 mg (n= 1886). The primary endpoint was cardiovascular death, major cardiovascular events, or non-fatal stroke. The median LDL-C level during the study was 58mg/dL in the combination therapy group and 66mg/dL in the statin monotherapy group (p<0.0001). The primary endpoint occurred in 9.1% of the patients in the combination therapy group and 9.9% of the patients in the high-intensity statin monotherapy group (non-inferior). Non-inferiority was observed in patients with baseline LDL-C levels < 100mg/dL and >100mg/dL (63).

In the RACING trial 574 participants (15.2%) were aged ≥75 years and there was no difference in the primary endpoint between the combination therapy group and the high-intensity statin monotherapy group in these elderly participants (64). However, in participants ≥75 years of age moderate-intensity statin with ezetimibe combination therapy was associated with lower rates of drug related intolerance with drug discontinuation or dose reduction (2.3% vs 7.2%; P = 0.010). 

This study demonstrates that moderate intensity statin plus ezetimibe was non-inferior to high-intensity statin therapy with regards to cardiovascular death, major cardiovascular events, or non-fatal stroke. The lower prevalence of discontinuation or dose reduction caused by intolerance to the study drug was seen with combination therapy indicating that using a moderate intensity dose of a statin plus ezetimibe is a useful strategy in patients that do not tolerate high intensity statin therapy or where there are concerns about statin toxicity with high doses.

PCSK9 Inhibitors

FOURIER TRIAL

The FOURIER trial was a randomized, double-blind, placebo-controlled trial of evolocumab vs. placebo in 27,564 patients with ASCVD and an LDL-C level of 70 mg/dL or higher who were on statin therapy (65). The primary end point was cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, or coronary revascularization and the key secondary end point was cardiovascular death, myocardial infarction, or stroke. The median duration of follow-up was 2.2 years. Baseline LDL-C levels were 92mg/dL and evolocumab resulted in a 59% decrease in LDL levels (LDL-C level on treatment approximately 30mg/dL). In this trial 6233 of the participants were > 69 years of age and the decrease in LDL was similar in participants > 69 years of age and younger individuals (66). A 14% reduction in the primary endpoint (HR 0.86; 95% CI 0.74–0.99) and a 18% reduction in the secondary endpoint (HR 0.82; 95% CI 0.69–0.98) was observed in the participants > 69 years of age, which was similar to the decreases seen in younger individuals (66). The effect of treatment with evolocumab on the primary and secondary endpoint in specific age groups is shown in table 3 (66). These results demonstrate that lowering LDL-C with a PCSK9 inhibitor decreases ASCVD events in elderly patients.

	Table 3. Effect of Evolocumab Treatment on Cardiovascular Outcomes in Different Age Groups

	
	< 65
	65-75
	>75

	Primary Endpoint
	HR 0.86; 95%CI 0.78–0.94
	HR 0.86; 95%CI 0.76–0.97
	HR 0.78; 95%CI 0.60–1.02

	Secondary Endpoint
	HR 0.79; 95%CI 0.69–0.90
	HR 0.82; 95%CI 0.70–0.95
	HR 0.78 95%CI 0.58–1.04


For the primary endpoint the P interaction for the three age groups = 0.84
For the secondary endpoint the P interaction for the three age groups = 0.94.  

ODYSSEY Trial

The ODYSSEY trial was a multicenter, randomized, double-blind, placebo-controlled trial involving 18,924 patients who had an acute coronary syndrome 1 to 12 months earlier, an LDL-C level of at least 70 mg/dL, a non-HDL-C level of at least 100 mg/dL, or an apolipoprotein B level of at least 80 mg/dL while on high intensity statin therapy or the maximum tolerated statin dose (67). Patients were randomly assigned to receive alirocumab 75 mg every 2 weeks or matching placebo. The dose of alirocumab was adjusted to target an LDL-C level of 25 to 50 mg/dL. The primary end point was a composite of death from coronary heart disease, nonfatal myocardial infarction, fatal or nonfatal ischemic stroke, or unstable angina requiring hospitalization. In this trial 5084 (26.9%) individuals were ≥ 65 years of age, 1007 (5.3%) ≥ 75 years of age, and 42 (0.2%) ≥ 85 years of age (68). The baseline and decrease in LDL-C levels were similar in participants ≥65 years of age and those <65 years of age (LDL-C at baseline approximately 94mg/dL and after 4 months of treatment approximately 40mg/dL) (67,68). In the individuals ≥ 65 years of age there was a 22% decrease in the primary endpoint (HR 0.78; 95% CI 0.68–0.91) and in those < 65 years of age a 11% decrease (HR 0.89; 95% CI 0.80–1.00) (68). The secondary endpoint of all-cause death, myocardial infarction, or ischemic stroke was also reduced in the ≥ 65 participants (HR 0.78; 95% CI 0.68–0.90) and < 65 participants (HR 0.91; 0.82–1.02) (68). In participants ≥ 75 years of age the primary endpoint was reduced by 15% (HR 0.85; 95% CI 0.64–1.13) (68). When plotted as a continuous variable the relative benefit of alirocumab over placebo on the primary endpoint was consistent across the entire age range (figure 6). 

[image: ]  
Figure 6. Relative benefit of alirocumab at various ages. Modified from reference (68). 

These two studies demonstrate that lowering LDL-C with a PCSK9 inhibitor decreases ASCVD events in elderly patients with pre-existing cardiovascular disease. 

Bempedoic Acid

The CLEAR Outcome trial was a double-blind, randomized, placebo-controlled trial involving patients with cardiovascular disease or at high risk of cardiovascular disease who were unable or unwilling to take statins ("statin-intolerant" patients) (69). The patients were randomized to bempedoic acid 180 mg (n= 6992) or placebo (n= 6978) and the median duration of follow-up was 40.6 months. In this trial 44% of the participants were between ≥65 to < 75 years of age and 15% were ≥ 75 years of age. As expected, LDL-C levels were decreased by 21% in the bempedoic group compared to placebo (29mg/dL difference). The primary endpoint, death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or coronary revascularization, was reduced by 13% in the bempedoic acid group (HR 0.87; 95% CI 0.79- 0.96; P = 0.004). The effect of age on the primary endpoint is shown in table 4. 

	Table 4. Effect of Bempedoic on Cardiovascular Outcomes in Different Age Groups

	< 65
	HR 0.87; 95% CI 0.74-1.02

	≥65-<75
	HR 0.83, 95% CI 0.72-0.96

	≥ 75
	HR 0.95, 95% CI 0.77-1.16


Interaction P value = 0.60

Niacin and Fibrates

Because of the robust effect of statins in lowering LDL-C levels and cardiovascular events recent trials of both niacin and fibrates have focused on the addition of these lipid lowering drugs to statin therapy. The AIM-HIGH trial was designed to determine if the addition of Niaspan, an extended-release form of niacin, to aggressive statin therapy would result in a further reduction in ASCVD events in patients with pre-existing cardiovascular disease (70) while the HPS 2 Thrive trial determined the effect of adding extended-release niacin (2000mg/day) combined with laropiprant, a prostaglandin D2 receptor antagonist, to statin therapy on ASCVD events in  patients with pre-existing vascular disease (71). Unfortunately, both of these trials failed to demonstrate a decrease in ASCVD events with the addition of niacin to statin therapy. The absence of benefit and increased side effects from niacin therapy has markedly reduced enthusiasm for treating patients with niacin to reduce ASCVD event. For additional details on these two studies and other niacin cardiovascular outcome studies see the Endotext chapter “Triglyceride Lowering Drugs” (49). 

[bookmark: _Hlk159180198]The ACCORD-LIPID Trial was designed to determine if the addition of fenofibrate to aggressive statin therapy in patients with pre-existing cardiovascular disease or at high risk for developing cardiovascular disease would result in a further reduction in cardiovascular disease in patients with Type 2 diabetes (72). The PROMINENT trial determined whether pemafibrate, a new selective PPAR-alpha activator, in patients on statin therapy with diabetes and pre-existing cardiovascular disease or at high risk for developing cardiovascular disease would reduce cardiovascular events (73). Disappointingly, neither trial demonstrated benefits from adding a fibrate to statin therapy. For additional details on these two studies and other fibrate ASCVD outcome studies see the Endotext chapter “Triglyceride Lowering Drugs” (49).

Thus, there is currently little enthusiasm for adding either niacin or a fibrate to statin therapy to reduce ASCVD events. One should recognize that like all studies these trials have limitations, that are discussed in detail in reference (49), and it is possible that future trials could resurrect the use of niacin and/or fibrates for decreasing ASCVD. 

Omega-3-Fatty Acids (Fish Oil)

Numerous studies have determined the effect of low dose fish oil (< 1 gram per day) on ASCVD and found that they do not consistently reduce the risk of cardiovascular disease (49). Described below are ASCVD outcome studies that have used higher doses.

JAPAN EPA LIPID INTERVENTION STUDY (JELIS)

JELIS was an open label study without a placebo in patients with total cholesterol levels > 254mg/dL with cardiovascular disease (n= 3,664) or without cardiovascular disease (n=14,981) who were randomly assigned to be treated with 1800 mg of EPA (Vascepa) + statin (n=9,326) or statin alone (n= 9,319) with a 5-year follow-up (74). The primary endpoint was any major coronary event, including sudden cardiac death, fatal and non-fatal myocardial infarction, and other non-fatal events including unstable angina pectoris, angioplasty, stenting, or coronary artery bypass grafting. Total cholesterol, LDL-C, and HDL-C levels were similar in the two groups but plasma TGs were modestly decreased in the EPA treated group (5% decrease in EPA group compared to controls; p = 0.0001). In the EPA plus statin group the primary endpoint occurred in 2.8% of the patients vs. 3.5% of the patients in the statin alone group (19% decrease; p = 0.011). In participants < 61 years of age the primary endpoint was reduced by 24% (HR 0.76; 95%CI 0.57–1.00) while in individuals ≥ 61 years of age the primary endpoint was reduced by 16% (HR 0.84; 95% CI 0.68–1.02; p interaction 0.57). Unstable angina and non-fatal coronary events were significantly reduced in the EPA plus statin group but in this study sudden cardiac death and coronary death did not differ between groups. Unstable angina was the main component contributing to the primary endpoint and this is a more subjective endpoint than other endpoints such as a myocardial infarction, stroke, or cardiovascular death. A subjective endpoint has the potential to be an unreliable endpoint in an open label study and is a limitation of the JELIS Study. Unfortunately, we do not have information on elderly patients (≥ 75 years).

REDUCE-IT

[bookmark: _Hlk159268236]REDUCE-IT was a randomized, double-blind trial of 2 grams twice per day of EPA ethyl ester (icosapent ethyl) (Vascepa) vs. mineral oil placebo in 8,179 patients with hypertriglyceridemia (135mg/dL to 499mg/dL) and established cardiovascular disease or high cardiovascular disease risk (diabetes plus one risk factor) who were on stable statin therapy (75). The primary end point was a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or unstable angina. At baseline, the median LDL-C level was 75.0 mg/dL, HDL-C level was 40.0 mg/dL, and TG level was 216.0 mg/dL. The median change in TG level from baseline to 1 year was a decrease of 18.3% (−39.0 mg/dL) in the EPA group and an increase of 2.2% (4.5 mg/dL) in the placebo group. After a median of 4.9 years the primary end-point occurred in 17.2% of the patients in the EPA group vs. 22.0% of the patients in the placebo group (HR 0.75; P<0.001), indicating a 25% decrease in events. In participants <65 years of age the primary end point was reduced by 35% (HR 0.65; 95% CI 0.54–0.78) while in participants ≥ 65 years of age the primary end point was reduced by 18% (HR 0.82; 95%CI 0.70–0.97; P Value for Interaction 0.06). The cardiovascular benefits of EPA were similar across baseline levels of TGs (<150, ≥150 to <200, and ≥200 mg per deciliter). Moreover, the cardiovascular benefits of EPA appeared to occur irrespective of the attained TG level at 1 year (≥150 or <150 mg/dL), suggesting that the ASCVD risk reduction was not associated with attainment of a normal TG level. Unfortunately, information on an elderly subgroup (≥ 75 years) is not available.  

It should be noted that in this trial mineral oil was used as the placebo. In the placebo group the LDL-C, non-HDL-C, and hsCRP levels were increased compared to the EPA group during the trial (LDL-C 96mg/dL vs 85mg/dL; non-HDL-C 130mg/dL vs. 113mg/dL; hsCRP 2.8mg/L vs. 1.8mg/L). The impact of these adverse changes on clinical outcomes is uncertain and whether they contributed to the apparent beneficial effects observed in the individuals treated with EPA is unknown.

STRENGTH TRIAL

The STRENGTH Trial was a double-blind, randomized, trial comparing 4 grams per day of a carboxylic acid formulation of omega-3 fatty acids (EPA and DHA; Epanova) (n = 6,539)) vs. corn oil placebo (n = 6539) in statin-treated participants with high cardiovascular risk, hypertriglyceridemia, and low levels of HDL-C (76). Approximately 55% of patients had established cardiovascular disease and approximately 70% had diabetes. Median LDL-C level was 75.0 mg/dL, median TG level was 240 mg/dL, and median HDL-C level was 36 mg/dL. There were minimal differences in the change in LDL-C and HDL-C levels between the treated and placebo groups after treatment for 12 months but as expected there was a greater reduction in TG levels in the group treated with omega-3-fatty acids (−19.0% vs −0.9%). The primary endpoint was a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or unstable angina requiring hospitalization which occurred in 12.0% of individuals treated with omega-3 CA vs. 12.2% treated with corn oil (HR 0.99; P = .84). There were no significant differences between the treatment groups with regard to the risk of the individual components of the primary end point over the 3-4 years of the study. Thus, in contrast to the JELIS and REDUCE-IT trials the STRENGTH trial did not demonstrate a benefit of treatment with a mixture of omega-3-fatty acids (EPA + DHA).

OMEMI TRIAL

The OMEMI trial was a randomized trial of 1.8 grams per day of omega-3-fatty acids (930 mg EPA and 660 mg DHA) (n= 505) vs. corn oil placebo (n= 509) in patients aged 70 to 82 years with a recent myocardial infarction (2-8 weeks) (77). Baseline LDL-C was approximately 76mg/dL, HDL-C was 49mg/dL, and TGs 110mg/dL. The primary endpoint was a composite of nonfatal myocardial infarction, unscheduled revascularization, stroke, all-cause death, and heart failure hospitalization after 2 years of follow-up. The primary endpoint occurred in 21.4% of patients on omega-3-fatty acids vs. 20.0% on placebo (HR 1.08; P=0.60). TGs levels decreased 8.1% in the omega-3-fatty acid group and increased 5.1% in the placebo group (between group difference 13.2%; P<0.001) while changes in LDL-C were minimal in both groups. Thus, similar to the STRENGTH trial no benefits on cardiovascular disease were observed with EPA + DHA treatment.

SUMMARY

1) High dose EPA (JELIS and REDUCE-IT) reduced ASCVD outcomes while high dose EPA+DHA (STENGTH and OMEMI) did not decrease ASCVD outcomes.
2) The decrease in TG levels is not a major contributor to the beneficial effect of high dose EPA as the combination of high dose EPA+DHA lowers TG levels to the same degree as EPA alone without benefit. Additionally, the JELIS trial only lowered TG levels by 5% but nevertheless reduced ASCVD events. It is likely that the beneficial effects of EPA seen in the JELIS and REDUCE-IT trials are multifactorial with TG lowering making only a small contribution to the decrease in cardiovascular disease. Other actions of EPA, such as decreasing platelet function, anti-inflammation, decreasing lipid oxidation, stabilizing membranes, etc. could account for or contribute to the reduction in ASCVD events (78). 
3) [bookmark: _Hlk160107040][bookmark: _Hlk160107298]Whether EPA has special properties that resulted in the reduction in ASCVD events in the REDUCE-IT trial or there were flaws in the trial design (i.e., the use of mineral oil as the placebo) is uncertain and debated. It should be noted that in the REDUCE-IT trial LDL-C and non-HDL-C levels were increased by approximately 10% in the mineral oil placebo group (75). Additionally, Apo B levels were increased by 7% (6mg/dL) by mineral oil (75). Finally, an increase in hsCRP (20-30%) and other biomarkers of atherosclerosis (oxidized LDL-C, IL-6, IL-1 beta, and lipoprotein-associated phospholipase A2) were noted in the mineral oil group (75,79). In the STRENGTH trial there were no differences in LDL-C, Non-HDL-C, HDL-C, Apo B, or hsCRP levels between the treated vs. placebo groups (76). Whether EPA has special properties compared to DHA leading to a reduction in cardiovascular events or the mineral oil placebo resulted in adverse changes increasing ASCVD in the placebo resulting in an artifactual decrease in the EPA group is debated (80,81). Ideally, another large randomized ASCVD trial with EPA ethyl ester (icosapent ethyl) (Vascepa) using a placebo other than mineral oil would help resolve this controversy. In the meantime, clinicians will need to use their clinical judgement on whether to treat patients with modest elevations in TG levels with EPA (icosapent ethyl; Vascepa) balancing the potential benefits of treatment vs. the potential side effects.

Summary of Lipid Lowering Drug Studies

[bookmark: _Hlk162808994][bookmark: _Hlk160109578]The above results clearly demonstrate that lowering LDL-C levels with statins, ezetimibe, or PCSK 9 monoclonal antibodies will reduce ASCVD events in elderly patients (≥ 75 years of age) with pre-existing cardiovascular disease. In elderly patients without cardiovascular disease (primary prevention) the available data does not definitively demonstrate a decrease in ASCVD events with statin or ezetimibe therapy but is suggestive of a benefit (note there are no primary prevention trials with PCSK9 inhibitors). Additional data is required to determine if bempedoic acid and icosapent ethyl reduce ASCVD events in patients ≥ 75 years of age. 

Studies in Progress

[bookmark: _Hlk160109680]Studies are currently underway to provide definitive information on whether statin therapy is beneficial as primary prevention in the elderly. STAREE (NCT02099123) is a multicenter randomized trial in Australia of atorvastatin 40mg vs. placebo in adults ≥ 70 years of age without cardiovascular disease and PREVENTABLE (NCT04262206) is a multicenter randomized trial in the USA of atorvastatin vs. placebo in adults ≥ 75 years of age without cardiovascular disease (82,83). Other trials in the elderly that are in progress include SCOPE (NCT03770312) which is a multicenter randomized trial in Korea of low intensity vs. high intensity statin therapy in adults 76-85 years of age without CVD and SITE (Statins In The Elderly) (NCT02547883) which is a trial in France of patients ≥ 75 years of age on statin therapy who will be randomized to continue statin therapy or stop statin therapy.

SIDE EFFECTS OF LIPID LOWERING DRUGS

In this section we will describe the potential side effects of lipid lowering drugs with an emphasis on side effects likely to be seen in the elderly. Elderly patients may be more susceptible to side effects due to decreased renal function, decreased drug metabolism by the liver, polypharmacy leading to drug interactions, and co-morbidities. For a detailed discussion of the side effects of lipid lowering drugs see the Endotext chapters entitled “Cholesterol Lowering Drugs” and “Triglyceride Lowering Drugs” (49,50). 

Statins

An umbrella review of meta-analyses of observational studies and randomized controlled trials examined 278 unique non-CVD outcomes from 112 meta-analyses of observational studies and 144 meta-analyses of RCTs and found that the only adverse effects associated with statin therapy were the development of diabetes and muscle disorders (84). For a detailed discussion of the side effects of statin therapy a scientific statement from the American Heart Association provides a comprehensive review (85).

DIABETES 

After many years of statin use it was recognized that statins increase the risk of developing diabetes. In a meta-analysis of 13 trials with over 90,000 subjects, there was a 9% increase in the incidence of diabetes during follow-up among subjects receiving statin therapy (86). All statins appear to increase the risk of developing diabetes. In comparisons of intensive vs. moderate statin therapy, Preiss et al observed that patients treated with intensive statin therapy had a 12% greater risk of developing diabetes compared to subjects treated with moderate dose statin therapy (87). Older subjects, obese subjects, and subjects with high glucose levels were at a higher risk of developing diabetes while on statin therapy. In the Prosper trial in elderly subjects (70-82 years of age; average age 75), diabetes developed in 6.6% of patients treated with pravastatin vs. 5.1% of patients in the placebo group (51). Thus, statins may be unmasking and accelerating the development of diabetes that would have occurred naturally in these subjects at some point in time. In patients without risk factors for developing diabetes, treatment with statins does not appear to greatly increase the risk of developing diabetes.

In balancing the benefits and risks of statin therapy it is important to recognize that an increase in plasma glucose levels is a surrogate marker for an increased risk of developing micro and macrovascular disease (i.e., an increase in plasma glucose per se is not an event but rather increases the risk of future events). In contrast, statin therapy is preventing actual clinical events that cause morbidity and mortality. Furthermore, it may take many years for an elevated blood glucose to induce diabetic complications while the reduction in cardiovascular events with statin therapy occurs relatively quickly (after one-year benefits are seen). Finally, the number of patients needed to treat with statins to avoid one cardiovascular event is much lower (10-20 depending on the type of patient) than the number of patients needed to treat to cause one patient to develop diabetes (100–200 for one extra case of diabetes) (88). Patients on statin therapy, particularly those with risk factors for the development of diabetes, should be periodically screened for the development of diabetes with measurement of fasting glucose and/or HbA1c levels.

COGNITIVE DYSFUNCTION 

Several randomized clinical trials have examined the effect of statin therapy on cognitive function and have not indicated any increased risk (for review see (89-92)). The Prosper Trial was designed to determine whether statin therapy will reduce cardiovascular disease in older subjects (age 70-82) (51). In this trial cognitive function was assessed repeatedly and no difference in cognitive decline was found in subjects treated with pravastatin compared to placebo (51,93). In the Heart Protection Study over 20,000 patients were randomized to simvastatin 40mg or placebo and again no significant differences in cognitive function was observed between the statin vs. placebo group (94). Additionally, a Cochrane review examined the effect of statin therapy in patients with established dementia and identified 4 studies with 1154 participants (95). In this analysis no benefit or harm of statin therapy on cognitive function could be demonstrated in this high-risk group of patients. Thus, randomized clinical trials do not indicate a significant association between statins and cognitive function.

MUSCLE 

The most common side effect of statin therapy is muscle symptoms and many patients will discontinue the use of statins due to muscle symptoms. These can range from life threatening rhabdomyolysis, which is very rare, to myalgias, which are a common complaint (96). The risk of serious muscle disorders due to statin therapy is very small, particularly if one is aware of the potential drug interactions that increase the risk. In a case-control study with a cohort of 252,460 new users of lipid-lowering medications in U.S. health plans 21 cases of rhabdomyolysis were compared to 200 controls without rhabdomyolysis (97). Statin users >65 years of age had four times the risk of hospitalization for rhabdomyolysis than those under age 65.

The Cholesterol Treatment Trialists analyzed individual participant data on the development of muscle symptoms from 19 double-blind trials of statin versus placebo with 123,940 participants and four double-blind trials of a more intensive vs. a less intensive statin regimen with 30,724 participants (98). After a median follow-up of 4.3 years 27.1% of the individuals taking a statin vs. 26.6% on placebo reported muscle pain or weakness representing a 3% increase greater than placebo (risk ratio- 1.03; 95% CI 1.01-1.06) (Table 5). The specific muscle symptoms caused by statin therapy, myalgia, muscle cramps or spasm, limb pain, other musculoskeletal pain, or muscle fatigue or weakness were similar to those caused by placebo. The slight increase in muscle symptoms in the statin treated individuals was manifest in the first year of therapy but in the later years muscle symptoms were similar in the statin treated and placebo groups. The relative risk of statin induced muscle symptoms was greater in women than men. Intensive statin treatment with 40-80 mg atorvastatin or 20-40 mg rosuvastatin resulted in a higher risk of muscle symptoms than less intensive or moderate-intensity regimens but different statins at equivalent LDL-C lowering doses had similar effects on muscle symptoms. As shown in figure 7 muscle pain or weakness was slightly increased in patients > 65 years of age and similar in patients > 65 and ≤ 75 and those > 75 years of age. It should be noted that in individuals > 75 years of age the occurrence of muscle pain or weakness occurred in 39.6% of the individuals on the placebo, demonstrating the very high occurrence of muscle symptoms in this age group.

This study demonstrates that there is a small increase in muscle symptoms that primarily manifests in the first year of therapy. Statin therapy caused approximately 11 additional complaints of muscle pain or weakness per 1000 patients during the first year, but little excess in later years. Of particularly note is that 26.6% of patients taking a placebo had muscle symptoms demonstrating a very high frequency of this clinical complaint (even higher in patients > 75). Given the high prevalence of muscle complaints and the small increase attributed to statins it is very difficult to determine if a muscle complaint is actually due to the statin, which presents great clinical difficulties in patient management. 

	Table 5. Effect of Statin vs. Placebo on Muscle Symptoms

	Symptom
	Statin Events
	Placebo Events
	RR (95% CI)

	Myalgia
	12.0%
	11.7%
	1·03 (0·99–1·08)

	Other musculoskeletal pain
	13.3
	13.0
	1·03 (0·99–1·08)

	Any muscle pain
	26.9%
	26.3%
	1·03 (1·01–1·06)

	Any muscle pain or weakness
	27.1%
	26.6%
	1·03 (1·01–1·06)


 
[image: ]                                                     
Figure 7. Occurrence of muscle pain or weakness in different age groups in the Cholesterol Treatment Trialists meta-analysis. 

While the results of the randomized trials suggest that muscle symptoms are not frequently induced by statin therapy, in typical clinical settings a significant percentage of patients are unable to tolerate statins due to muscle symptoms (in many studies as high as 5-25% of patients) (99-101). Additionally, when patients know that they are taking a statin they are more likely to have muscle symptoms (i.e. the nocebo effect) (102). Clinically differentiating statin induced myalgias from placebo induced myalgias is difficult, as there are no specific symptoms, signs, or biomarkers that clearly distinguish between the two. Thus, while statin induced myalgias are a real entity careful studies have shown that in the majority of patients with “statin induced muscle symptoms” the symptoms are not actually due to statin therapy. In the clinic it is difficult to be certain whether the muscle symptoms are actually due to true statin intolerance or to other factors.

A detailed discussion of statin induced muscle symptoms and a clinical approach to this problem is presented in the Endotext chapter entitled “Cholesterol Lowering Drugs” (50). In the section “Patients with Statin Intolerance” in this chapter we discuss the clinical approach to treating these patients. 

Ezetimibe

Ezetimibe has not demonstrated significant side effects.

PCSK9 Monoclonal Antibodies

In a subgroup of patients from the FOURIER trial a prospective study of cognitive function (EBBINGHAUS Study) was carried out and no significant differences in cognitive function was observed over a median of 19 months in the PCSK9 treated vs. placebo group (103).

An issue of concern is whether lowering LDL-C to very low levels has the potential to cause toxicity. In a number of the PCSK9 studies a significant number of patients had LDL-C levels < 25mg/dL. For example, in the Odyssey long term study 37% of patients on alirocumab had two consecutive LDL-C levels below 25mg/dL and in the Osler long term study in patients treated with evolocumab 13% had values below 25mg/dL (104,105). In these short term PCSK9 studies, toxicity from very low LDL-C levels has not been observed. Additionally, in patients with Familial Hypobetalipoproteinemia LDL levels can be very low and these patients do not have any major disorders other than hepatic steatosis, which is not mechanistically due to low LDL-C levels (106). Similarly, there are rare individuals who are homozygous for loss of function mutations in the PCSK9 gene and they also do not appear to have major medical issues (107). Finally, in a number of statin trials and the IMPROVE-IT trial (statin + ezetimibe) there have been patients with very low LDL-C levels and an increased risk of side effects has not been consistently observed in those patients (108-111). Thus, with the limited data available there does not appear to be a major risk from markedly lowering LDL-C levels.

Bempedoic Acid

In clinical trials, 26% of bempedoic acid-treated patients with normal baseline uric acid values experienced hyperuricemia one or more times versus 9.5% in the placebo group (package insert). In the CLEAR Outcomes trial elevated uric acid levels occurred in 10.9% of the patients on bempedoic acid compared to 5.6% taking the placebo (69). Elevations in blood uric acid levels may lead to the development of gout. Gout was reported in 1.5% of patients treated with bempedoic acid vs. 0.4% of patients treated with placebo. The risk for gout attacks were higher in patients with a prior history of gout (11.2% for bempedoic acid treatment vs. 1.7% in the placebo group) (package insert). In patients with no prior history of gout only 1% of patients treated with bempedoic acid and 0.3% of the placebo group had a gouty attack (package insert). In the CLEAR Outcomes trial gout was increased in the bempedoic acid group (3.1% vs. 2.1%) (69). 

In clinical trials tendon rupture occurred in 0.5% of patients treated with bempedoic acid vs. 0% of placebo treated patients and involved the rotator cuff (the shoulder), biceps tendon, or Achilles tendon (package insert). Tendon rupture occurred within weeks to months of starting bempedoic acid and occurred more frequently in patients over 60 years of age, in those taking corticosteroid or fluoroquinolone drugs, in patients with renal failure, and in patients with previous tendon disorders. In the CLEAR Outcomes trial tendon rupture was similar in the bempedoic acid and placebo group (bempedoic acid 1.2% and placebo 0.9%) (69).

Bempedoic acid treatment resulted in a mean increase in serum creatinine of 0.05 mg/dL compared to baseline. Approximately 3.8% of patients treated with bempedoic acid had BUN levels that doubled vs. 1.5% in the placebo group and about 2.2% of patients treated with bempedoic acid had creatinine values that increased by 0.5 mg/dL vs. 1.1% in the placebo group (package insert). Renal function returned to baseline when bempedoic acid was discontinued. In the CLEAR Outcomes trial renal impairment was increased in the bempedoic acid group (11.5% vs.8.6%) as was the change from baseline creatinine (0.05±0.2 mg/dL vs. 0.01±0.2 mg/dL) (69). 

Omega-3-Fatty Acids

 At very high doses, omega-3-fatty acids can inhibit platelets and prolong bleeding time. However, at the recommended doses this has not been a major clinical problem but nevertheless when patients are on anti-platelet drugs one should be alert for the possibility of bleeding problems (Package Inserts for Lovaza, Vascepa, and Epanova). In the REDUCE-IT trial serious bleeding events occurred in 2.7% of the patients in the icosapent ethyl group and in 2.1% in the placebo group (P=0.06) (75). There were no fatal bleeding events in either group and the rates of hemorrhagic stroke, serious central nervous system bleeding, and serious gastrointestinal bleeding were not significantly higher in the EPA group than in the placebo group. In the STRENGHT trial any bleeding events and major bleeding events were similar in the omega-3 fatty acid group and placebo group (76).  A recent review found no evidence for discontinuing the use of omega-3 fatty acid treatment before invasive procedures or when given in combination with other agents that affect bleeding (112). 

An increase in new-onset atrial fibrillation was observed in the REDUCE-IT trial in the patients treated with icosapent ethyl 4 grams/day (5.3% vs. 3.9%) and in the STRENGTH trial in the patients treated with omega-3-fatty acids (2.2% vs 1.3%)

CURRENT GUIDELINES AND LDL-C GOALS

[bookmark: _Hlk162809060]This section discusses guidelines as they pertain to elderly patients.

2018 AHA/ACC/Multi-Society Report

The following summarizes the 2018 AHA/ACC guidelines (2).

PRIMARY PREVENTION

· For individuals >75 years of age, randomized controlled trials of statin therapy do not provide strong evidence for benefit, so clinical assessment of risk status in a clinician–patient risk discussion is needed for deciding whether to continue or initiate statin treatment. 
· In individuals ≥ 75 years of age with an LDL-C level of 70 to 189mg/dL, initiating a moderate-intensity statin may be reasonable. Goal is to reduce LDL-C by 30-49% (note these guidelines recommend percent reduction rather than absolute LDL-C goals).
· In individuals ≥ 75 years of age it may be reasonable to stop statin therapy when functional decline (physical or cognitive), multimorbidity, frailty, or reduced life-expectancy limits the potential benefits of statin therapy. 
· A shared decision-making process between clinicians and patients that individualizes decisions is indicated, with regular periodic reassessment.
· Determining coronary artery calcium (CAC) score will help in determining which patients will benefit the most. For older adults with CAC scores of zero, the likelihood of benefits from statin therapy does not outweigh the risks. Limiting statin therapy to those with CAC scores greater than zero, combined with clinical judgment and patient preference, could provide a valuable awareness with which to inform shared decision-making.

SECONDARY PREVENTION

· [bookmark: _Hlk159957925]In patients ≥75 years of age with clinical ASCVD, it is reasonable to initiate moderate- or high-intensity statin therapy after evaluation of the potential for ASCVD risk reduction, adverse effects, and drug–drug interactions, as well as patient frailty and patient preferences. The goal of moderate statin therapy is to reduce LDL-C by 30-49% and the goal of high-intensity statin therapy is to reduce LDL-C by ≥ 50%. In very high-risk patients, a goal of an LDL-C < 70mg/dL and non-HDL-C < 100mg/dL is reasonable.
· In patients ≥75 years of age who are tolerating high-intensity statin therapy, it is reasonable to continue high-intensity statin therapy after evaluation of the potential for ASCVD risk reduction, adverse effects, and drug-drug interactions, as well as patient frailty and patient preferences.

PATIENTS WITH DIABETES

· In patients ≥ 75 years of age with diabetes mellitus and who are already on statin therapy, it is reasonable to continue statin therapy.
· In patients ≥ 75 years of age with diabetes mellitus without cardiovascular disease it may be reasonable to start moderate statin therapy after a clinician-patient discussion of the potential benefits and risks of therapy. The goal is to decrease LDL-C by 30-49%. 

2019 ESC/EAS Guidelines

The following summarizes the 2019 ESC/EAS guidelines (3). 

· Treatment with statins is recommended for older people with ASCVD in the same way as for younger patients.
· Treatment with statins is recommended for primary prevention, according to the level of risk, in older people aged ≤ 75 years.
· Initiation of statin treatment for primary prevention in older people aged >75 years may be considered, if at high-risk or above.
· It is recommended that the statin is started at a low dose if there is significant renal impairment and/or the potential for drug interactions, and then titrated upwards to achieve LDL-C treatment goals.
· In patients at very-high risk in primary or secondary prevention the goal is a 50% reduction in LDL-C and an LDL-C < 55mg/dL.
· In patients at high risk in primary or secondary prevention the goal is a 50% reduction in LDL-C and an LDL-C < 70mg/dL.
The ESC/EAS criteria for very high risk and high risk are shown in table 6.

	Table 6. ESC/EAS Criteria for Very-High Risk and High Risk for ASCVD Events

	Very High Risk
Documented ASCVD or unequivocal on imaging
DM with target organ damage or at least three major risk factors, or early onset of T1DM of long duration (>20 years)
Severe CKD (eGFR <30 mL/min/1.73 m2)
A calculated SCORE ≥ 10% for 10-year risk of fatal CVD
Familial Hypercholesterolemia with ASCVD or with another major risk factor

	High Risk
Markedly elevated single risk factors, in particular LDL-C >190 mg/dL or BP ≥ 180/110 mmHg
Patients with Familial Hypercholesterolemia without other major risk factors
Patients with DM without target organ damage, with DM duration ≥ 10 years, or another additional risk factor
Moderate CKD (eGFR 30-59 mL/min/1.73 m2)
A calculated SCORE ≥ 5% and <10% for 10-year risk of fatal CVD.



Our Approach

Our approach is based on concepts taken from both the ACC/AHA and ESC/EAS guidelines (i.e., we try to utilize the best ideas from each guideline). There are several general principles regarding lipid lowering therapy that should be considered in deciding who to treat (113).

· [bookmark: _Hlk160109836]The higher the LDL-C level the greater the benefit of lowering LDL-C.
· The greater the decrease in LDL-C the greater the benefit.
· The higher the absolute risk of ASCVD the greater the benefit of lowering LDL-C.

Additional factors that need to be considered, particularly in elderly patients, include

· Life expectancy. 
· Competing non-cardiovascular disorders. 
· Risk of drug side effects.
· Potential for drug interactions.
· Patient preferences. 

PRIMARY PREVENTION

Given the absence of definitive outcome trials demonstrating the benefit of decreasing LDL-C levels in patients ≥ 75 years of age without cardiovascular disease one must use clinical judgement in deciding who to treat. It should be recognized, as discussed in detail earlier, that the available evidence suggests that decreasing LDL-C will reduce ASCVD events in the elderly. Our approach is to determine ASCVD risk and then balance the risk with competing factors such as life expectancy, non-cardiovascular disorders, potential for drug interactions, and patient preferences. We use the approach described below to determine risk.

Step 1- Calculate the 10-year risk of an ASCVD event using the AHA/ACC pooled cohort equation. In Europe one can use the SCORE OP risk prediction algorithms (114). This will provide an estimate of the risk of the patient having an ASCVD event/death.
Step 2- To gain further insight on the risk of ASCVD one can determine if patient has any risk enhancing factors (tables 7 and 8). This can help further stratify the patient’s risk.
Step 3- If after discussion with the patient, you and/or the patient is uncertain on the level of risk and the appropriate treatment plan obtaining a coronary calcium score (CAC) can be helpful. A CAC score of zero indicates low risk for ASCVD and allows one to not start statin therapy (2). Note that a CAC score of zero in cigarette smokers, patients with diabetes mellitus, those with a strong family history of ASCVD, and possibly chronic inflammatory conditions such as HIV, may still be associated with a substantial 10-year risk (2). 

[bookmark: _Hlk160110091]Following these steps, we can estimate the risk for ASCVD events and in conjunction with the general principles described above discuss with the patient a treatment plan. If the decision is to treat our goal is often an LDL-C < 100mg/dL and non-HDL-C < 130mg/dL but in high-risk patients our goal may be an LDL-C < 70mg/dL and non-HDL-C < 100mg/dL. 

	Table 7. Risk-Enhancing Factors

	 Family history of premature ASCVD (males, age <55 y; females, age <65 y)

	 Primary hypercholesterolemia (LDL-C ≥160mg/dL; non-HDL-C ≥190mg/dL 

	 Metabolic syndrome (increased waist circumference, elevated triglycerides [>175 mg/dL], elevated blood pressure, elevated glucose, and low HDL-C [<40 mg/dL in men; <50 in women mg/dL] are factors; tally of 3 makes the diagnosis)

	 Chronic kidney disease (eGFR 15–59 mL/min/1.73 m2 with or without albuminuria; not treated with dialysis or kidney transplantation)

	 Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS

	 History of premature menopause (before age 40 y) and history of pregnancy-associated conditions that increase later ASCVD risk such as preeclampsia

	 High-risk race/ethnicities (e.g., South Asian ancestry)

	 Lipid/biomarkers: Associated with increased ASCVD risk

	  Persistently* elevated, primary hypertriglyceridemia (≥175 mg/dL);

	  If measured:

	  1. Elevated high-sensitivity C-reactive protein (≥2.0 mg/L)

	  2. Elevated Lp(a) ≥50 mg/dL or ≥125 nmol/L

	  3. Elevated apoB ≥130 mg/dL

	  4. ABI <0.9


 ABI= ankle-brachial index, RA= rheumatoid arthritis.
Modified from reference (2).

	Table 8. Factors Modifying Systematic Coronary Risk Estimation Risks

	Social deprivation: the origin of many of the causes of CVD.

	Obesity and central obesity as measured by the body mass index and waist circumference, respectively.

	Physical inactivity.

	Psychosocial stress 

	Family history of premature CVD (men: <55 years and women: <60 years).

	Chronic immune-mediated inflammatory disorder.

	Major psychiatric disorders.

	Treatment for HIV infection.

	Atrial fibrillation.

	Left ventricular hypertrophy.

	Chronic kidney disease.

	Obstructive sleep apnea syndrome.

	Metabolic associated fatty liver disease.


Modified from reference (3). 

PATIENTS WITH DIABETES

In patients ≥ 75 with diabetes without pre-existing cardiovascular our approach is very similar to that described for primary prevention. In addition to the risk enhancers listed in tables 7 and 8 there are specific diabetes risk enhancers that clinicians should factor in their decisions (table 9). Also, as noted above, in the presence of diabetes a zero CAC score is not as strong an indicator of low risk for ASCVD as in non-diabetics.

In patients with diabetes because they usually have multiple risk factors and are at high risk for ASCVD events our typical LDL-C goal is < 70mg/dL and non-HDL-C < 100mg/dL. In the rare situation where there are minimal other risk factors an LDL-C goal < 100mg/dL and non-HDL-C < 130mg/dL is reasonable.  

	Table 9. Diabetes-Specific Risk Enhancers That Are Independent of Other Risk Factors 

	Long duration (≥10 years for type 2 diabetes or ≥20 years for type 1 diabetes) 

	Albuminuria ≥30 mcg of albumin/mg creatinine

	eGFR <60 mL/min/1.73 m

	Retinopathy

	Neuropathy

	ABI <0.9


ABI= ankle-brachial index.
Modified from reference (2).

SECONDARY PREVENTION

Studies have shown that lowering LDL-C levels with statins, ezetimibe, and PCSK9 monoclonal antibodies reduces ASCVD events in older adults with ASCVD. Thus, unless there are contraindications older patients with ASCVD should be treated with lipid lowering drugs to reduce ASCVD events. In elderly patients we will often employ a modest statin dose (for example atorvastatin 10-20mg or rosuvastatin 5-10mg) in combination with ezetimibe 10mg and then increase the statin dose, if necessary, based on lipid levels and the patient tolerating the treatment regimen. At a minimum our goal is an LDL-C < 70mg/dL and a non-HDL-C level < 100mg/dL but we would prefer lower values (ideally LDL-C < 55mg/dL and non-HDL-C < 85mg/dL) if they can be achieved with a statin + ezetimibe. In very high-risk patients (table 10) our goal is an LDL-C < 55mg/dL and non-HDL-C < 85mg/dL and adding a PCSK9 inhibitor may be required to achieve these levels in some patients.
 
	Table 10. Criteria for Very High Risk 

	Very high-risk includes a history of multiple major ASCVD events or one major ASCVD event and multiple high-risk conditions.

	

	Major ASCVD Events

	 Recent ACS (within the past 12 months)

	 History of MI (other than recent ACS event)

	 History of ischemic stroke

	 Symptomatic peripheral arterial disease (history of claudication with ABI <0.85, or previous revascularization or amputation)

	

	High-Risk Conditions

	 Age ≥65 y

	 Heterozygous familial hypercholesterolemia

	 History of prior coronary artery bypass surgery or percutaneous coronary intervention outside of the major ASCVD event(s)

	 Diabetes mellitus

	 Hypertension

	 CKD (eGFR 15-59 mL/min/1.73 m2)

	 Current smoking

	 Persistently elevated LDL-C (LDL-C ≥100 mg/dL [≥2.6 mmol/L]) despite maximally tolerated statin therapy and ezetimibe

	 History of congestive HF


ABI= ankle-brachial index; ACS= acute coronary syndrome. 
Based on reference (2).

TREATMENT

Lifestyle

The lifestyle changes described below are recommended for all adults and are not specific for elderly individuals or for individuals with cardiovascular disease. The lifestyle changes recommended will lower lipid levels and are likely to reduce the risk of ASCVD.

EXERCISE

There is little debate that exercise is beneficial and that all individuals should be physically active. It is recommended that individuals participate in at least 150 minutes of moderate-intensity aerobic physical activity (for example 30 minutes 5 times per week) or 75 minutes per week of vigorous-intensity physical activity (115,116). Additionally, it is recommended that individuals participate in 2 days per week of muscle-strengthening activity (116). Because of the loss of muscle mass with aging it is very important to incorporate resistance training into the exercise program of elderly individuals. 

A meta-analysis of exercise in the older individuals (>60 years of age) found that aerobic exercise decreased triglyceride and LDL-C levels and increased HDL-C levels while resistance exercise decreased LDL-C levels (117). Exercise also increases fitness and helps with weight loss. It should be noted that many elderly individuals may have substantial medical and social barriers to participating in exercise programs. Comorbidities, such as osteoarthritis, may limit exercise tolerance and make exercise challenging. Older individuals should be encouraged to be as active as possible.

DIET

For a detailed discussion of the effect of diet on lipids, lipoproteins and ASCVD see the Endotext chapter entitled “The Effect of Diet on Cardiovascular Disease and Lipid and Lipoprotein Levels (118). There is general agreement on what constitutes a healthy diet and a brief summary of the Guidelines for Americans 2020-2025 is shown in table 11 and the guidelines from the American College of Cardiology/American Heart Association are shown in table 12.

	Table 11. Guidelines for Americans 2020-2025 

	Recommend
	Limit

	Vegetables of all types—dark green; red and orange; beans, peas, and lentils; starchy; and other vegetables
	Added sugars—Less than 10 percent of calories per day

	Fruits, especially whole fruit
	Saturated fat—Less than 10 percent of calories per day

	Grains, at least half of which are whole grain
	Sodium—Less than 2,300 milligrams per day

	Dairy, including fat-free or low-fat milk, yogurt, and cheese, and/or lactose-free versions and fortified soy beverages and yogurt as alternatives
	Alcoholic beverages—Adults can
choose not to drink or to drink in moderation by limiting intake to 2 drinks or less in a day for men and 1 drink or less in a day for women

	Protein foods, including lean meats, poultry, and eggs; seafood; beans, peas, and lentils; and nuts, seeds, and soy products
	

	Oils, including vegetable oils and oils in food, such as seafood and nuts
	


Full guideline is available at DietaryGuidelines.gov

	Table 12. ACC/AHA Dietary Recommendations to Reduce Risk of ASCVD (115) 

	1. A diet emphasizing intake of vegetables, fruits, legumes, nuts, whole grains, and fish is recommended 

	2. Replacement of saturated fat with dietary monounsaturated and polyunsaturated fats can be beneficial 

	3. A diet containing reduced amounts of cholesterol and sodium can be beneficial 

	4. As a part of a healthy diet, it is reasonable to minimize the intake of processed meats, refined carbohydrates, and sweetened beverages

	5. As a part of a healthy diet, the intake of trans fats should be avoided



A summary of the effect of individual dietary constituents on lipid and lipoprotein levels is shown in table 13 (118). This table summarizes the results of numerous randomized trials examining the effect of dietary manipulations on lipid and lipoprotein levels.

	[bookmark: _Hlk65856409]Table 13. Summary of the Effect of Dietary Constituents on Lipid and Lipoproteins

	SFA
	Increase LDL-C and modest increase HDL-C 

	MUFA and PUFA
	Decrease LDL-C

	TFA
	Increase LDL-C and decrease HDL-C

	Cholesterol
	Increase LDL-C

	Carbohydrates
	Increase TGs, increase greater with simple sugars particularly fructose

	Fiber
	Decrease LDL-C

	Phytosterols
	Decrease LDL-C


SFA= saturated fatty acids, MUFA= monounsaturated fatty acids, PUFA= polyunsaturated fatty acids, TFA= trans fatty acids.

There is a huge literature describing the effect of diet on the risk of ASCVD and this literature is often conflicting and controversial (118). Several well recognized investigators have discussed the limitations of the information linking various diets and dietary constituents and the risk of disease (119,120). The major problem is that almost all of the information is based on observational studies and well conducted randomized trials measuring important ASCVD outcomes are very rare. Observational studies can demonstrate associations but do not definitively indicate that there is a cause-and-effect relationship. Unrecognized confounding variables can result in false associations.

Some of the more recent randomized dietary trials that have examined the effect of diet on ASCVD events are described below. For a discussion of other studies see reference (118). The PREDIMED trial employing a Mediterranean diet (increased monounsaturated fats) reduced the incidence of major ASCVD events (121). In this multicenter trial, carried out in Spain, over 7,000 patients at high risk for developing ASCVD were randomized to three diets (primary prevention trial). A Mediterranean diet supplemented with extra-virgin olive oil, a Mediterranean diet supplemented with mixed nuts, or a control diet. The average age of participants in this trial was 67. In the patients assigned to the Mediterranean diets there was 29% decrease in the primary end point (MI, stroke, and death from ASCVD). Subgroup analysis demonstrated that the Mediterranean diet was equally beneficial in patients < 70 and ≥ 70 years of age. The Mediterranean diet resulted in only a small but significant increase in HDL-C levels and a small decrease in both LDL-C and TG levels, suggesting that the beneficial effects were not mediated by changes in lipids (122). The CORDIOPREV study and the Lyon Diet Heart Study were randomized trials that demonstrated that a Mediterranean diet reduces ASCVD events in patients with cardiovascular disease (secondary prevention) (123,124). Unfortunately, these studies did not have a sufficient number of patients > 70 years of age for analysis of the effect of the diet in older patients with pre-existing cardiovascular disease. 

The results of these three randomized trials indicate that following a Mediterranean type diet reduces ASCVD. It is likely that the beneficial effects of the Mediterranean diet on ASCVD is mediated by multiple mechanisms with alterations in lipid levels making only a minor contribution. 

LIPID LOWERING DRUGS

Current guidelines and lipid lowering goals are discussed in the guidelines section above. In this section we will focus on clinical decisions regarding the use of lipid lowering drugs. To maximize benefits of lipid lowering therapy we think it is important to achieve LDL-C goals.

Elderly Patients on Lipid Lowering Therapy

In elderly patients on lipid lowering therapy, we usually continue therapy if they are tolerating the medications without side effects. We will periodically check a lipid panel to make sure that they are achieving the goals of therapy. If not, we will adjust the lipid lowering medications to achieve the desired LDL-C goals. We will make changes in therapy if circumstances change. For example, if a patient develops metastatic cancer and is transferred to palliative or Hospice care we will stop the lipid lowering therapy. Similarly, if a new drug is required the current lipid lowering drugs may need to be changed to avoid drug interactions. Thus, in most patients continuing lipid lowering therapy is appropriate.

Primary Prevention in Elderly Patients

In elderly patients we usually initiate therapy using moderate-intensity statin therapy if therapy is indicated as discussed above. We typically use either atorvastatin 10-20mg or rosuvastatin 5-10mg. Our reason for using these statins is that if one needs to lower LDL-C further we can just increase the dose of the statin and not need to start a new statin. In certain circumstances we might use another statin to avoid drug interactions (for example in a patient living with HIV we might use pitavastatin). After 6-12 weeks on statin therapy, we check a lipid panel and if the patient is having any medication side effects. If the LDL-C is not at goal we will either increase the statin dose or if we feel that the patient is at risk for statin toxicity add ezetimibe 10mg instead. In a healthy elderly patient at high risk for ASCVD (for example high LDL-C, diabetes, and hypertension) we do not hesitate to use high-intensity statin therapy (atorvastatin 40-80mg and rosuvastatin 20-40mg) plus ezetimibe 10mg to achieve the LDL-C goal.

Secondary Prevention in Elderly Patients

Unless than is a contraindication we frequently start these patients on high-intensity statin therapy. After 6-12 weeks on statin therapy, we check a lipid panel and if the patient is having any medication side effects. We will often add ezetimibe as studies have shown that the greater the lowering of LDL-C the greater the reductions in ASCVD events. Additionally, ezetimibe is generic (i.e. inexpensive) and doesn’t typically cause side effects. We will use PCSK9 inhibitors following the principle that the higher the LDL-C and the greater the risk of ASCVD events the greater the cost effectiveness of using expensive PCSK9 inhibitors. 

Mixed Hyperlipidemia

In patients with mixed hyperlipidemia (elevated LDL-C and triglyceride levels) Initial drug therapy should also be a statin unless triglyceride levels are greater than 500-1000mg/dL. If triglycerides are > 500-1000mg/dL initial therapy is directed at lowering triglyceride levels (49,125). In addition to lowering LDL-C levels, statins are also effective in lowering triglyceride levels particularly when the triglycerides are elevated. If LDL-C is not lowered sufficiently ezetimibe is a reasonable next step. The approach to the patient whose LDL-C levels are at goal but the triglycerides and non-HDL-C are still elevated is not clearly defined. As discussed above studies have failed to demonstrate that adding a fibrate or niacin reduces ASCVD events. The REDUCE-IT trial has demonstrated that icosapent ethyl (Vascepa) decreases ASCVD events in this patient population but as discussed in detail above the results of this study are debated because the mineral oil placebo increased LDL-C. non-HDL-C, hsCRP, and other biomarkers associated with an increased risk of ASCVD events. It is debated by various experts whether the beneficial effect seen in this study was due to the positive effects of icosapent ethyl or to negative effects of the placebo. Clinicians will need to use their clinical judgement on whether to treat patients with elevations in TG and non-HDL-C levels with icosapent ethyl balancing the potential benefits of treatment vs. the potential side effects. In making this decision in our elderly patients it is worth noting that in participants <65 years of age the primary end point was reduced by 35% (HR 0.65; 95% CI 0.54–0.78) while in participants ≥ 65 years of age the primary end point was reduced by 18% (HR 0.82; 95%CI 0.70–0.97; P Value for Interaction 0.06). Information on patients ≥ 75 years of age is not available.  

Patients with Statin Intolerance

Statin intolerance is frequently due to myalgias but on occasion can be due other issues, such as increased liver or muscle enzymes, cognitive dysfunction, or other neurological disorders. The percentage of patients who are “statin intolerant” varies greatly but in clinical practice a significant number of patients have difficulty taking statins. 

It can be difficult to determine if the muscle symptoms that occur when a patient is taking a statin are actually due to the statin or are unrelated to statin use. The first step in a “statin intolerant patient” is to take a careful history of the nature and location of the muscle symptoms and the timing of onset in relation to statin use to determine whether the presentation fits the typical picture for statin induced myalgias. The characteristic findings with a statin induced myalgia are shown in table 14 and findings that are not typical for statin induced myalgia are shown in table 15. The disappearance of symptoms within a few weeks of stopping statins and the reappearance after restarting statins is very suggestive of the symptoms being due to true statin intolerance. An on-line tool (htpp://tools.acc.org/statinintolerance/#!/) and an app produced by the ACC/AHA are available. This tool characterizes patients based on 8 criteria into possible vs. unlikely to have statin induced muscle symptoms (table 16).

	Table 14. Characteristic Findings with Statin Induced Myalgia

	Symmetric

	Proximal muscles

	Muscle pain, tenderness, weakness, cramps

	Symptom onset < 4 weeks after starting statin or dose increase

	Improves within 2-4 weeks of stopping statin

	Cramping is unilateral and involves small muscles of hands and feet

	Same symptoms occur with re-challenge within 4 weeks 



	Table 15. Symptoms Atypical in Statin Induced Myalgia

	Unilateral

	Asymmetric

	Small muscles

	Joint or tendon pain

	Shooting pain, muscle twitching or tingling

	Symptom onset > 12 weeks

	No improvement after discontinuing statin



	Table 16. Diagnosis of Statin Associated Muscle Symptoms

	Symptom timing

	Symptom type

	Symptom location

	Sex

	Age

	Race/ethnicity

	CK elevation > 5 times the upper limit of normal

	Known risk factors for statin induced muscle symptoms and non-statin causes of muscle symptoms



One should also check a CK level but this is almost always in the normal range. If the CK is not elevated and the symptoms do not suggest a statin induced myalgia one can often reassure the patient and continue statin therapy. This is often successful and studies have shown that many patients that stop taking statins due to “statin induced myalgia” can be successfully treated with a statin (50). If the CK is elevated it should be repeated after instructing the patient to avoid exercise for 48 hours. Also, the CK levels should be compared to CK levels prior to starting therapy if available. If the CK remains elevated (3x upper limit of normal) the statin should be discontinued. Similarly, if the CK is normal but the symptoms are suggestive of a statin induced myalgia the statin should also be discontinued. The next step is to determine if one can identify reversible factors that could be increasing statin toxicity (hypothyroidism, drug interactions).  If none are identified the next step after the myalgias have resolved is to try a low dose of a different statin that is metabolized by a different pathway (for example instead of atorvastatin, which is metabolized by the CYP3A4 pathway, rosuvastatin, which has a different pathway of metabolism). Because statin side effects are dose related, a low dose of a statin may often be tolerated. One can also try several different statins as sometimes a patient may tolerate one statin and not others. A meta-analysis has shown that every other day administration of statins is as effective as daily administration in lowering lipid levels and therefore is a very reasonable strategy (126). In some instances, using a long-acting statin (rosuvastatin or atorvastatin) 1-3 times per week can work (we usually start with once per week and then slowly increase frequency as tolerated) (127). In these circumstances (low doses or 1-3 times per week) the reduction in LDL-C may not be sufficient but one can use combination therapy with other drugs such as ezetimibe, bempedoic acid, or PCSK9 inhibitors to achieve LDL-C target goals.

If after trying various approaches a patient still has myalgias and is unable to tolerate statin therapy one needs to utilize other approaches to lower LDL-C levels. We typically use the ezetimibe and bempedoic acid combination pill (Nexlizet), which can lower the LDL-C level by approximately 40%, which is often sufficient (128). If needed one could add a PCSK9 inhibitor to further decrease LDL-C.

CONCLUSION

ASCVD is a major cause of morbidity and mortality in elderly patients. In elderly patients with pre-existing ASCVD randomized clinical trials have shown that lipid lowering drug therapy with statins, ezetimibe, and PCSK9 inhibitors reduce ASCVD events. Thus, most elderly patients with ASCVD should be treated with lipid lowering drugs unless there are contraindications such as limited life expectancy, competing non-cardiovascular disorders, high risk of drug interactions or drug side effects. In elderly patients without ASCVD if they are already taking lipid lowering drugs and if they are tolerating the medications without side effects continuing therapy is usually reasonable as long as the clinical circumstances have not changed. In elderly patients not on lipid lowering therapy and without cardiovascular disease studies have suggested that lipid lowering therapy is beneficial but further studies are required to definitively demonstrate benefit. In these patients one needs to determine the patient’s risk for ASCVD events and then discuss the potential benefits and side effects with the patient to make a shared decision on whether to initiate therapy. Age per se should not be used to withhold therapy with lipid lowering drugs that can reduce the risk of ASCVD events. 
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